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The refinement and specifications of time-energy uncertainty relations have shown that the ex- 
perimentally observed phenomena of superluminal signaling are describable by such their form: 
AEAt > nh, where both standard deviations are negative. When At < 0, these evanescent pho- 
tons would be instantly tunneling from one light cone into another on the distance c|Ar|. (This 
assertion, previously proved via dispersion relations, is described here by the temporal parameters 
of process.) Special forms of these relations describe the transmutation of particles into their part- 
ners of bigger mass, in K° and B° cases and at the i/'s transmutations. Thus, the violations of 
relativistic causality by evanescent particles can be considered as the tunneling, as an analog of the 
short-term violation of conservation laws at virtual transitions. The absence of Lorentz invariance 
at such transitions can, probably, allow violations of some other symmetries. 
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I. INTRODUCTION 

In the last years some possibilities of violations of the 
Lorentz invariance and relativistic causality are actively 
discussing. On the one hand there are the numerous 
experimental observations of superluminal, faster-than- 
c, signal transfer at low energies (e.g. the reviews [1]). 
On the other hand the discussions of such possibilities 
in the high energy physics are conducted, they are con- 
nected with CP or even CPT violations and are usually 
considered via addition of new terms in the standard La- 
grangian of field theories (e.g. [2]) and so on. 

As it is proved in [3] the experimental data of super- 
luminal transfer are restricted to the condition: Superlu- 
minal transfer of excitations (jumps) through the linear 
passive substance can affected by nothing, but the instan- 
taneous tunneling of virtual particles; distance of tunnel- 
ing is of order of half wavelength corresponding to energy 
deficit relative to the nearest stable (resonance) state. 

This condition can be expressed as 

{AEAT) stable > nh, (1.1) 

where both standard deviations AE and At must be 
simultaneously negational and which formally looks like 
an extraordinary special form of the uncertainty rela- 
tions. The negativity of Ar can be interpreted as an 
advancing emission or as the instantaneous transferring, 
i.e. the tunneling through classically forbidden space- 
time regions, from one light cone into another. 

Thus some questions should be considered: what sense 
can have such seemingly violations of the general prin- 
ciple of locality and relativistic causality of the theory, 
and thereafter: is the form (1.1) universal and so can it 
predict analogical peculiarities in another phenomena, or 
such forms must be specialized for different processes if 
they exist? 

What can we say, firstly, if the apparent Lorentz viola- 
tions in low and high energy ranges exist, but they can be 
expressed in the form or via some analogs of uncertainty 
principle? 



Let's remember that although the virtual transitions 
violate the conservation laws, short-termly or on the dis- 
tances of tunneling, in the scope of uncertainty princi- 
ples, it does not present difficulties and does not provoke 
discussions: it is well known that such violations do not 
lead to possibilities of perpetuum mobiles construction, 
etc. And if analogously the deviations from the Lorentz 
invariance would be restricted by some form of quantum 
uncertainties or indeterminacies, it would only mean that 
along with virtual states or particles the evanescent states 
or particles can be manifested, but it does not mean any 
possibility of time arrow transformation (the common or 
primitive causality). Such phenomenon would demon- 
strate only the existence of one more quantum peculiarity 
of Nature, the specific possibilities of quantum tunneling 
between light cones and so on, and does not require any 
revision of the relativity's principles. 

For an answer to the second question it must be taken 
into account that the energy-time uncertainty principle 
is of more complicate nature than others. The Hciscn- 
berg canonical form AA ■ AB > h/2, which is obviously 
cited as the general form of uncertainty relation, is the 
oversimplified one and many years ago was generalized on 
superconcept relations by Robertson [4] and Schrodinger 
[5] . It seems that the most constructive form of such gen- 
eralization was expressed by Mandelstam and Tamm [6] . 
They had shown, in particular, that for decay processes 
the energy-time uncertainties must be expressed as 

{AEAt) decay > Trh/4. (1.2) 

In the recent years the attention to such forms was 
attracted by investigations of so named squeezed light 
phenomena (e.g. [7] and references therein). 

All it means the necessity of reconsideration of these 
uncertainty relations. 

As the relation (1.1) is of a new form and can be di- 
rectly tested by experiments, we shall begin with its out- 
line in the Section 2. Its deduction in [3] for processes of 
superluminal transfer of excitations requires the compli- 
cate dispersion relations, which can overshadow its direct 
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sense. Therefore its overview follows the temporal func- 
tions describing the time delay at scattering process and 
the duration of particle formation (dressing), i.e. all con- 
sideration goes via the kinematics of transferring. The 
deduction in [3] was executed for photons only, and for 
widening such approach the temporal functions for mas- 
sive particles needed for further consideration are written 
out in the Section 3. 

The general consideration of uncertainty relations in 
the Section 4 confirms both forms, (1.1) and (1.2), for 
corresponding processes. Along with them it leads to 
more customary, but more specificated relation 

(AEAt) transmut > ft/2 " (1.3) 

for the processes of particles transmutation. The ap- 
plication of this relation to processes of neutral mesons 
and neutrinos transmutations is briefly considered in the 
Section 5. This examination would demonstrate that the 
transmutations could be interpreted as the transitions 
into higher energy (mass) state only, and just therefore, 
for example, the transitions of muonic neutrino into elec- 
tronic one can be absent or be suppressed. This relation 
leads also to a new estimation of the neutrino mass. 

These results and certain further perspectives arc 
summed in the Conclusions. 



II. TEMPORAL FUNCTIONS FOR MASSLESS 
PARTICLES 

The description of " superluminal" processes can be 
performed via two analytically connected temporal func- 
tions. 

The time duration of particle (photon) delay in the 
course of elastic scattering is determined by the Wigner- 
Smith expression via the logarithmic derivative of corre- 
sponding matrix element (e.g. [8]): 

T 1 = Bje{d/idu)\nS(u,lL). (2.1) 

This magnitude is related to the scatterer and de- 
scribes its state only. (There are many different definition 
of delay duration, e.g. the reviews [9], but for our discus- 
sion the general definition (2.1) seems enough.) Along 
with this temporal magnitude the duration of gradual 
formation (the "dressing") of formed particle should be 
determined. Such problem was initially considered, in 
the very general form, by Bohr and Roscnfcld [10]. In the 
connection with experiments such notion had been intro- 
duced for the first time by I. Frank [11] in the scmiclassi- 
cal theory of Cerenkov radiation: without it the emission 
of discrete quanta at the uniform motion of charge, even 
with the superluminal velocity in medium, was absolutely 
non-understood. By present time some analogical prob- 
lems compose the special direction in the radiation and 
scattering theory (e.g. the review [12]). 

For our purposes the duration of formation can be ex- 
pressed in the form similar (2.1) (its substantiation and 
more detailed statements are given in [13]): 

■nt=Tm(d/idu)\nS(w,k). (2.2) 



The joining of these two expressions leads to the equa- 
tion: 

&S{u>,-k) = TS{u>,-k), (2.3) 

which can be considered as the analog of the 
Schrodinger equation for S*-matrix of interaction with a 
temporal operator r that plays the role of Hamiltonian. 

The consideration of temporal functions of QED would 
begin from the temporal features of the simplest photon 
causal propagator (the Feynman gauge, r\ — ► 0+): 
D c (u,k) = 4tt/(uj 2 - k 2 +irj), (2.4) 
which leads to the expressions for durations of delay 
and of formation: 

Tl = -27TW S(uj 2 - k 2 ) -> -wS(u! - |k|), (2.5) 
t 2 = 2^/V - k 2 ) -> l/(w - |k|). (2.5') 
As the propagator (2.4) does not include parameters of 
scatterer, the function t\ descriptively shows that pho- 
ton can be absorbed or emitted only completely; already 
this form contradicts possibility of its gradual evolution. 
The function r 2 qualitatively corresponds to the uncer- 
tainty principle, is twice bigger its usual form and shows 
the possibility of retarded, at u> > |k|, or advanced, at 
u < |k|, emissions of photon; just the advanced form 
must be interpreted as the instantaneous jump onto cor- 
responding distance. (Remember in this connection that 
the causal propagators overstep the limits of cone.) 

These definitions are of the general character. Let's 
concretize them for superluminal processes by consider- 
ing the (u>, r)-representation, from which would be de- 
duced the distances of "superluminal" transitions. It 
must be noted only that the temporal functions t(u>,t) 
and t(u, k) are not simply connected by the Fourier 
transformation; their interrelation is partly considered 
in [13], but here we shall use both for the qualitative 
analysis. 

The causal propagator of QED D c (t,r) = D(t,r) + 
iDi (t, r) , where the first Green function is supported in 
the light cone, but the second one oversteps its limits and 
therefore is of the prime interest for us. In the mixed 
representation Di(u, r) = (l/2n) sin(|w|r) and the corre- 
sponding temporal function: 

t(u),t) = (d/idco)lnDi(w,r) = — ircot(ujr) (2.6) 

or 

Ti(w,r) = 0; r 2 (o;,r) = — rcot(ur). (2-6') 
These expressions implicitly show, that such process 
can go without delay and that under definite values of tor 
the duration of formation can be negational, i.e. along 
with the "normal" transitions (2.6) can describes the in- 
stantaneous jumps of transferred excitation. 

The Coulomb field infinitely, as the static one, is in the 
"undressed" state, and therefore the subtraction of the 
Coulomb pole 1/cu in (2.6') is needed. This subtraction 
can be performed with the decomposition of cotangent: 

cot(x) = l/x + ET( 2x )/( x2 - ^ 2 ™ 2 )- 

It leads to the renormalized expression for r 2 : 

(renorm) , \ v^oo n 1/2 2 2 2\ Co n\ 

T 2 ( w > r ) = "El 2ur/(u/r 2 -ir 2 n 2 ), (2.7) 

which shows that the first pole of (2.7) is at the point 
cur = 7T (near to resonance the substitution u — ► Alu can 
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be made). From (2.7) follows the (minimal) formation 
path for photon: 

A£~ttc/|Aw|. (2.8) 

As this process is instantaneous, it corresponds to the 
jump of photon at the act of formation on the distance 
7tc/|Acj| or A/2, if Aoj — > u. Thus, the expressions (2.5- 
8) visually outline the main part of the theorem [3] cited 
above, at any rate for nonresonant case. 

Let us consider the properties of media, in which the 
manifestation of supcrluminal phenomena can be possi- 
ble at definite frequencies. Note here that in accord with 
(2.7), the frequencies domains of supcrluminal and sub- 
luminal, including so named "slow light", are very close, 
it illustrates the experimental difficulties with searching 
of " supcrluminal ranges" . 

As the instantaneous transferring is possible for vir- 
tual particles only, their formation length must be not 
lesser the free path length of photon £=l/pa, where p is 
the density of scatterers (free and valent electrons) , a is 
the total cross-section of single 7-e scattering. This in- 
dispensable condition presents the possibility of virtual 
excitations exchange between scatterers, i.e. it is the nec- 
essary condition of tunneling: 

ttc/\Alo\ > 1/per, (2.9) 

which should be further specified for concrete cases. 

At low, optical frequencies, sufficiently remote from 
any resonance, the unique process, at which can take 
place the reemission with needed subsequent dressing, 
is the Compton scattering described by the Thomp- 
son cross-section gt- Hence at such conditions, when 
Acj — > u), the super luminal phenomena are possible for 
sufficiently long wavelengths only: 

A > 2/pa T . (2.10) 

It shows that for condensed substances with p ~ 
10 22 -7- 10 23 these processes can go at frequencies of order 
of hundreds MHz or lower (notice that the first regular 
investigations of supcrluminal phenomena have been car- 
ried out just in the microwave region [14]). 

Close to resonance, when a res ~ A 2 r 2 /"7r[Ao> 2 + T 2 /4] 
(factors connected with angular moments arc omitted), 
the conditions of observability of supcrluminal signals be- 
come easier. For (w — \k\) ~ (u — wo) = — |Aw| below 
the resonance and at \Au\ < T the condition (2.1) takes 
the form 

|Aw| <cpA 2 (2.11) 

and suggests the possibility of these phenomena in the 
wide range of scatterers density, from rare gases till con- 
densed states. 

At I Aw I >> T we return essentially to relations close 
to (2.10) 

Let's consider now the possibility to describe these 
properties in the frame of scattering theory via the group 
index of refraction, i.e. as the macroscopic features [15]. 

The time intervals needed for photons' passing through 
distances L in vacuum and in medium are, respectively, 

T = L/c: T 1 =L/c + Nt 1 =T + AT, (2.12) 

where N = L/t is the mean number of elastic scat- 
tering of photons on their path length, £ = 1/ pa is the 



free path length of photons. Therefore the group index 

of refraction is given by the relation: 

n g = c/v g = cTi/L = l+cn/e = 1+cpna. (2.13) 
If there are the superluminal (instantaneous) jumps 

on distance Al at each scattering act, then N —> N/ — 

L/(£ + A£) and correspondingly 

n g -» n g i = l + c Tl /(£+A£) = l + (n g -l)(l + A£/£)-\ 

(2.14) 

In the region of anomalous dispersion, where v g > c, 
this definition can lead formally to n g < 0. 

Far from all resonances the scattering of low energy 
photons goes as the scattering on free electrons. There- 
fore, in accordance with the uncertainty principle, the 
delay duration can be estimated as t 2 « l/2w and since 
the group and phase indices of refraction are close, then 
such (rough) estimation for the free path length follows 
(2.13): 

£ = cn/{n g - 1) w c/2w(n- 1). (2.15) 
Since the s-photon instantaneously jumps with each 
scattering act onto the length At, the sum of pathes of 
this photon executing with the speed c would be equal to 
L e ff — L — NlA£. Hence the ratio of photons mean ve- 
locity in transparent media to the light speed in vacuum 
can be estimated as 

u/c ~ L/L eff = 1 + A£/£ = 1 + 2n(n - 1). (2.16) 
Just this expression must be comparing with experi- 
mental data. The most representative experimental data 
are considered in [3] that had shown the accordance of 
their results with the offered theory 

So for the light passage through the lightguide of suffi- 
ciently small radius, when light waves almost on all their 
pass has an evanescent character, the estimation (2.18) 
gives for typical n = 1.6 the value: u = 4.77c, which 
corresponds to the experimental data [1, 3]. 

Note that this magnitude represents the maximal light 
speed in usually used materials and therefore its value 
should have an exclusive significance for optoelectronics, 
etc. 



III. TEMPORAL FUNCTIONS OF MASSIVE 
PARTICLES INTERACTION 

The temporal peculiarities of interactions of massive 
particles can be considered in the close analogy with 
procedures examined above. But now we must analyze 
the slightly more complicate Green functions A C (E, r) = 
A + zAi, where Ai(_B,r) = (l/2r) sin(£ 2 -m 2 ) 1 / 2 r (here 
and below in this Section K = c = 1). 

In the analogy with (2.6) 

t(E,v) - j^lnAx^r) = (£2 ^ 2)1/2 cot(g 2 - 

m 2 ) 1/2 r. (3.1) 

and the relations with E > m and E < m must be 
separately considered 

If E > m, we have 

71=0, 
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As in the contrast to QED an undressed static state is 
here absent, the main part of duration of particle (state) 
formation can be presented by the first term: 

t 2 (E, r) « -E/(E 2 - m 2 ) ~ -1/2AE, (3.2') 

which corresponds to the usually written form of 
energy-time uncertainty relation, but with negative sign. 
It means that the considered transition must be of ad- 
vanced or instantaneous type, of tunneling character. 

But if E < m, i.e. at consideration of coupled particles, 
then 

ri = W l E m , Y „ coth(£ 2 -m 2 )V2 r; T2 = . 
(3.3) 

Therefore it formally seems that in this case the pos- 
sibilities of instantaneous transitions are absent. But if, 
as will be shown below, the product t(E, r)(E 2 — m 2 ) 1 / 2 
would be considered, it will become evident that for such 
case T\ and r 2 must be interchanged, and the possibilities 
of instantaneous transitions still exist. 



IV. INDETERMINATENESS AND 
UNCERTAINTY RELATIONS, EVANESCENT 
PARTICLES 

The establishments of precise expressions for energy- 
time uncertainties for different cases are crucial for our 
discussion. Therefore we must reconsider the deduction 
of these relations with demonstration of their differences. 

The most simple case of deduction is such one. The 
probability of transition between states of one type with 
energies E and El = E+AE at perturbation independent 
of time is proportional to the expression (e.g. [16]): 

W ~ A£- 2 sin 2 AEt/2H. (4.1) 

Its maximum is determining as AE t/2H = ir/2 + mr, 
where both values can be negative in the complete corre- 
spondence with the condition (1.1). But such approach 
is restrained by specific conditions of scattering theory, 
and it could not be considered as the general rule for all 
interaction processes, including particles decay and their 
transmutations. 

Let's turn to the method offered by Mandclstam and 
Tamm [6]. They began with comparison of two quan- 
tum expressions for Hermitian operators A and H, the 
Hamiltonian, with the standard deviations AA and AH: 

AH ■ A A = | (HA - AH) |; (4.2) 

hd t (A) =i\ (HA - AH) |, (4.2') 

which leads together to the inequality 

AH ■ AA > \h \d t (A)|. (4.3) 

For its analysis the projector of some definite state ipo 
must be introduced: 

P = (Vo,VM>, P 2 =P, (P)<1, (4.4) 

its standard deviation is defined as 

AP = ((P 2 ) - (P) 2 ) 1 ^ = (( P ) _ (P) 2 )i/2. (4.5) 

The substitution of (4.5) in (4.3) brings the main 

Mandelstam-Tamm relation: 

Aff«P)-<P) 2 )V2>i ft | 9t(A )|, (4.6) 
satisfactory solution of which would be seeking in the 

form: 



(P(i)) > cos 2 (crf). (4.7) 

Here with some deflection from the initial considera- 
tion, related to the lifetime of excited or intermediate 
state, we can propose that the completion of transition 
means the return to the stable state after the definite 
time duration, and therefore the substitution of (P(t)) 
at t = t in (4.6) leads to the condition (1.1): 

{AH T) stab ie = nh, (4.8) 

just corresponding to our results in the Section 2. 

If (E 2 — m 2 ) < and AH is pure imaginary, the magni- 
tudes T\ and T2 are interchanged; the solution of relation 
(4.6) must be seeking in the form: 

sinh 2 (ai) < (P(i)) < 1, (4.9) 

which culminates near to a |r| ~ 1. It means the exis- 
tence of uncertainty relation (1.3), 

(AH r) virtual ~ \h, (4.10) 

which formally coincides with the usual forms for such 
relations. The differences consist, of course, in possi- 
bilities of simultaneously pure imaginary values of both 
standard deviations. 

It must be noted that the original result of [6] remains 
completely valid for the half time of decay state as (1.2). 

Thus all examined types of processes must be consid- 
ered separately. But as it must be underlined, the ini- 
tial expressions (4.2) show that both standard deviations 
must have the same sign. Therefore it does not forbid the 
existence of negative At at negative AH corresponding 
to the theorem, cited above. 

Note that the restrictions connected with the Hermi- 
tian character of considered operators can be avoided by 
the most general formal deduction of uncertainty rela- 
tions given by Schrodinger in [5]. The decomposition of 
the arbitrary operators' product on the Hermitian and 
anti-Hermitian parts can be taken as 

AB = i(AB + BA) + i(AB -BA). (4.11) 

The subsequent quadrature of this expression, its av- 
eraging over complete system of ^-functions and replace- 
ment for operators on difference of operators and their 
averaged values A — > A— AA , B — > B — AB bring to 
such expression for standard deviations: 

(AA) 2 (AB) 2 > i|(AB-BA)| 2 + i[(AB + BA) - 
2{A){B)} 2 , (4.12) 

which differs from the more usual form by the last term 
and can strengthen the condition (4.2). The Heisenberg 
limit of this expression with |(AB — BA)| 2 — > h 2 and 
omitting of the second term shows a minimal value of un- 
certainties, which can be achieved for pure states, in the 
weakly correlated conditions. But this limit can be ex- 
ceeded for some physical magnitudes (compare [4], such 
possibilities arc mentioned in other investigations also, 
e.g. [17]). 

It must be noted that these relations can take place 
for the motion along one of coordinates only. So Wigncr 
[18] specially underlined that these uncertainties depend 
on coordinates points, and if the process is progressing 
in the z direction: 

(At(z)) 2 = Jdxdydt(t 

to) 2 \ip(x,y,z,t)\ I fdydt\ip(x,y,z,t)\, 
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{AE{z)) 2 = JdxdydE(E 

E Q ) 2 \ij(x,y,z,E)\ 2 I JdydE\^(x,y,z,E)\ 2 , (4.13) 

and they can be different, in general case, for other 
space axes. 

This peculiarity can be the starting point at investi- 
gation of the phenomena of frustrated total internal re- 
flection (FTIR) . In these phenomena the passing photons 
can propagates with subluminal speed along the waveg- 
uide axis, but the shifts in the perpendicular directions 
can be simultaneously instantaneous, and it can lead to 
the suitable interpretation of proper observations. 



V. PARTICLE PHYSICS 

Let's consider possibility of particles instantaneous 
tunneling into the state of higher mass; other characteris- 
tics can be transformed at such tunneling also and there- 
fore it will lead to particles transmutation. Such pro- 
cesses can go with observance the energy-moment con- 
servation, of course, i.e. at interaction with matter and 
must correspond to the condition (4.10) (here and below 
c=l): 

(Am AT) transmut ~ ±ft, (5.1) 

where Am = m t — m/ < and, correspondingly, 
Artransmut < 0. The processes of such transitions are 
experimentally discovered yet for neutral particles only. 
Therefore we begin with mesons and then will turn to 
the more uncertain processes with neutrinos. 

First candidates to such transition are K° mesons. As 
m,K L > rriK s , only the transition K$ — > Kl via the 
considered instantaneous transition seems possible. It is 
confirmed by the absence or by extremely rarity of K$ 
formation in the K° beam after definite distance, i.e. 
by impossibility or by the weakness of superweak inter- 
action, usually attributable to the CP nonconservation. 
But we can consider such rare transitions as the opposite 
ones relative to the offered transmutations into higher 
mass states. The estimation of relative magnitudes of 
direct and opposite probabilities seems so far impossible. 

Let's consider the experimental data for the "direct" 
process: rriK L — rriK s — 3.48 • 10~ 12 MeV, |Arj„ t | — ► 
t k s = 0.896 • 10 -10 s [19] leads to the estimation: 

\m KL - m Ks \ t Ks = 0.47 ft, (5.2) 

i.e. they almost completely conform (5.1). 

For B° mesons the mass difference rriB H — rns L = 
3.3 • 10~ 10 MeV is known, but only the mean life time 
is determined: f = 1.55 • 10~ 12 s. They give such esti- 
mation: 

\mB H ~~ m B L \ t = 0.775 ft, (5.3) 

but this value can be decreased if the life time of B° L 
is lesser than of its partner. 

For B® is determined only that corresponding Am > 
94.8 • 10~ 10 MeV. It gives with (5.1) the estimation for 
the life time of L-partner: tl < 5.5 • 10~ 14 s. 

The known uncertainty of D° parameters does not al- 
low such estimations. 



There are many other pairs of mesons, including 
charged ones, with such mass differences and times of de- 
cay, that can be considered as candidates into analogical 
transmutation processes, but it requires a special consid- 
erations far from our general aim. There is not seem- 
ingly any restrictions on analogical permutations among 
fermions also. 

For neutrinos it can be assumed that their masses, if 
they exist, correspond to the commonly accepted hierar- 
chy: m„ e < m Vfl < m Vr or to the three mass eigenstates 
mi < m 2 < m 3 not associated with particular lepton 
flavors (e.g. [20] and more recent reviews [21, 22]). Here 
we do not distinguish these possibilities. 

It means, in accordance with our general assumption, 
the possibilities of only such instantaneous transmuta- 
tions in matter to more massive partners: 

u e -> Up, Up — > u T ; u e -> u T (5.4) 

and corresponding for antineutrino, but absence or 
suppression, at least, of the opposite transitions. 

Such discrimination evidently contradicts to the CPT 
theorem. This uncleared discrepancy can be connected 
at the instantaneous transition with the violation of the 
Lorcntz invariance needed for observance of this theorem 
(this point evidently requires further investigations). 

The arguments for this critical situation is related the 
absense of observed transmutations of atmospheric Up's 
into UgS or sterile states. Indeed, Up — > u e transitions 
are also disfavored by the Super-Kamiokande data, which 
prefer the Up — » u T channel [22]. 

So in accordance with our hypothesis there is not neu- 
trinos oscillations, but all their transmutations can be 
considered as the tunneling into states of higher mass. 
(The hypotheses of neutrino oscillations, which have in 
mind as the direct so the inverse transitions, were sug- 
gested independently in [23, 24].) 

Note that the transmutations (5.4) with absence of op- 
posite transitions can be considered as the inevitable pro- 
cesses of specific ordering, i.e. as the gradual phase tran- 
sitions of neutrinos sets into possibly more passive states, 
but with bigger masses. 

Let's consider as an example of application of the pro- 
posed theory the simplest and the most direct interpre- 
tation of the atmospheric neutrino transition into the Up 
states [20]. It will give possibility for an independent 
estimation of the neutrino mass. 

The angular distribution of contained events shows 
that, for E <~ 1 GeV, the deficit of u e 's comes mainly 
from L ~ 10 2 -j- 10 4 km. The corresponding oscillation 
(transition) phase must be maximal: 

Am 2 (eV 2 )£(km)/2£(GcV) ~ 1, (5.5) 

which can be rewritten as 

Am 2 (eV 2 )r(sec) ~ flO" 11 . 

The comparison with (5.1), rewritten as 
Am(eV)r(sec) ~ |l0~ 15 , leads to the estimation 
Am ~ 10~ 4 eV, which does not seems qualitatively 
inconsistent. 

Note that this estimation determines the upper bound 
on the scale of A ~ 10 18 GeV, i.e. very close to the 
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Planck scale Mpi ~ 10 19 GeV, and therefore it reduces 
the necessity for introduction a new fundamental scale or 
so named New Physics. 

VI. CONCLUSIONS 

Our examinations can be summed into such points. 

1. The uncertainty or, more correctly, the indetermi- 
nateness principle must be considered for each type of 
interaction separately, and although the differences are 
only numerical, they can have different physical mean- 
ing. 

2. Both standard deviations in the energy-time rela- 
tions can be simultaneously negatively or even pure imag- 
inary ones. The negativity of the time standard deviation 
can be interpreted as the instantaneous transition, the 
jump onto definite distance or as the tunneling through 
classically forbidden region. 

3. The visible nonlocality in the small, i.e. the vi- 
olation of Lorentz invariance can be considered on the 
same base as the violation of conservation laws by vir- 
tual transitions, and it does not mean the violation of 
relativistic causality by these evanescent particles, in the 
whole process. 

4. The revealed forms of uncertainty relations demon- 
strate the peculiarities of tunneling, and therefore they 
allow to explain and clarify the very old problems of neg- 
ative duration of tunneling at the standard quantum cal- 
culations (e.g. [25]) as the natural feature of these tran- 
sitions. 

5. The new forms of uncertainties relations are de- 
duced for transfer of some excitations and for transmu- 
tation of particles into their more massive partners. They 
allow some estimations and predictions of parameters of 
such transitions or transmutations. 

6. All these results prove that the possibility of some 
evanescent violations of the classical Lorentz invariance 
are contained in the usual field theory and the introduc- 
ing of them ad hoc is not needed. 



7. The examined processes can be considered as the 
violation of the superselection rules ([26], in the modern 
form e.g. [27]), i.e. as the transitions between different 
sectors of the Hilbert space through the forbidden re- 
gions. They include the transitions between sectors with 
different parities types, flavors and so on. Therefore it 
can be presupposed that these transitions, completely or 
partly, are connected with violations of the Lorentz in- 
variance and take place simultaneously with it or owing 
to it. 

These considerations allow proposing some attractive 
hypotheses for further examinations. 

The most stimulating among them seems the possibil- 
ity of intimately connection of the Lorentz violation with 
violations of some discrete symmetries including CP or 
even CPT and conservation laws. 

Another interesting perspective consists in the sugges- 
tion of processes (5.4) as the unique possible. They can 
lead, in particular, to the gradual transmutation of all 
neutrinos into v^s as the final state of all known neutri- 
nos transmutations. If their mass is really bigger than 
of other neutrinos, then just the tau-neutrinos can be- 
come the primary candidates into the most part of a 
nonbarionic dark matter and essentially increase the neu- 
trino contribution into the critical density of the universe 
(compare [20]). 

On the other hand such possibilities of the instanta- 
neous transfer of excitations in condensed states (macro- 
scopic solids, atomic nucleus' and so on) must be inves- 
tigated, as they can fulfill everywhere a definite role in 
the binding of constituents (cf. [28]). 
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